Abstract
Introduction
Tactical data link is a typical application of a data communication technology in military communications, so they share the same modeling and simulation ideas to a large extent. In the fields of mobile wireless network simulation, the routing algorithms, MAC protocols and QoS algorithms, which are within the application layer, transport layer, network layer and MAC layer, are studied so much that the underlying channel-PHY protocols, such as physical layer and wireless channel, just use the default models in the simulator [1, 2] . And these channel-PHY models are based on underlying assumptions or just simple models.
However, reference [3] points out that: "An opinion is spreading that one cannot rely on the majority of the published results on performance evaluation studies of telecommunication networks based on stochastic simulation, since they lack credibility." Many problems come from the underlying channel-PHY modeling and simulation. First of all, it is unrealistic for all the function modules in the simulation to be accurate, especially for the precise model of the wireless channel in wireless network. But too abstract structure may affect the credibility of the simulation, even lead to wrong conclusions. Reference [4] evaluates the effects of detail in five case studies of wireless simulations for protocol design. Second the existing models in the simulator may not fit for the actual equipment and the wireless channel. Even changing some parameters of the models in the simulator can not meet the requirements. So the models may have to be re-modeling. But different model of the underlying channel-PHY can be greatly affected [5] [6] [7] [8] [9] . The last but not the least, the inappropriate or inaccurate assumptions of the underlying conditions can lead to imprecise or wrong simulation results [10] .
In response to these problems, this paper takes NS-2 as an example to study the underlying channel-PHY model structure. It focuses on the key technologies of underlying channel-PHY modeling and simulation. Several commonly used models are simulated and the result is analyzed.
Structure of channel-PHY models in NS-2
NS-2 is a discrete event network simulator that has begun in 1989 as a variant of the REAL network simulator. It has a good opening feature and expansibility because of its open structure. It provides very Tactical Data Link Channel-PHY Modeling and Simulation in Network Simulator 2 HE Zhao-xiong, LIU Xing, LUO Peng-cheng, ZHOU Jing-lun similar results compared to OPNET Modeler [11] , enjoys a high international academic reputation, so it is widely used by many researchers around the world [12, 13] . Among the above wireless network simulation software, NS-2 is one of the most commonly used, occupied 44% of the rate [14] . The underlying channel-PHY models in NS-2 within this paper comprises physical layer, wireless channel, the antenna and the model associated with the node topology, including node placement and mobility. The main role of the physical layer controls channel access, set the bandwidth and transmission time. The wireless channel emulates the transmission media, which can be seen as a virtual channel. It refers to the specific frequency for FDMA or code for CDMA. It provides the infrastructure to support the carrier sense, competition and conflict detection. The wireless channel is in charge of analogy of packet transmission in physical layer, and the physical layer controls the wireless channel to transmit packets. The Antenna module simulates the antenna of equipments, including height, transmission power and energy etc. The node module achieves the node location, direction and speed. Fig. 1 shows the general structure of channel-PHY models in NS-2. Function of the underlying channel-PHY models in simulation system can be summarized as follows (assuming node A, B to be the neighbor nodes within one hop, node A sends data to node B in the wireless channel):
• Controlling the state of wireless channel: simplex or duplex operation characteristics of transmission equipment.
• Calculating packet end-to-end delay: the lag in the source physical layer, airborne time and the lag in the destination physical layer.
• Sharing the same channel with nodes within one hop: signals can been received with the nodes in the same channel within the physical communication distance and above the thresholds.
• Calculating signal power: calculating the signal power for each node, which is sent from the source to the destination via the wireless transmission media, according to the selected propagation model and the relevant parameters.
• Calculating interference power: concerning node B, the signal from node A is called interference if it meets one of the following 2 situations: node B is receiving when the signal comes; node B is in "idle" or "listening" state and the reception power is less then the receiving threshold.
• Calculating noise power: the noise power is related with the equipment operating temperature, the bandwidth and the transmission rate.
FSM
The wireless channel module simulates half-duplex transmission equipment. Its working state consists of idle, sending, receiving and listening. Each node can not send and receive simultaneously. The simulation event involving is WirelessPhy::sendDown, in which the signal transmits from the upper layer. It is trigger by the beginning of sending the signal in the physical layer. It calculates the energy of the node and calls the function, WirelessPhy::sendUp, in which the signal is pushed to the destination via the wireless channel. When the simulation gets the event the following is preceded: clear the interference power; if the listening conditions are met, interference power and noise power is beyond the receiving threshold, change the state to "listening", otherwise to "idle". By doing this the signal is received by the destination node.
Related delays
Packet delay is an important indicator of the system performance evaluation in network simulations, so as to tactical data link. And the lag in the underlying channel-PHY models affects the system PDA (packet delivery rate) and other performance indicators. The factors are analyzed in this section. The lag in the underlying channel-PHY models in NS-2 is shown in Fig. 3 Node A L "" According to Fig. 3 and (1) we can get the following:
In physical model, 
Propagating prediction
The simulation of wireless propagating prediction is the signal power to be calculated according to the selected propagation model and its parameter, such as distance, transmitting power, antenna gain and height. The calculation goes for each transmission. Up to now there are three propagation models in NS-2, which are the FreeSpace model, TwoRayGround model and Shadowing model. The formers are the most commonly used while the last is less used because of its PassLoss which has to be set by one's experience. The FreeSpace propagation model assumes the ideal propagation condition that there is only one clear line-of-sight path between the transmitter and receiver. H. T. Friis presented the following equation to calculate the received signal power in free space at distance from the transmitter. NS-2 mainly uses thresholds to determine whether one frame is received by the receiver. NS-2 sets one signal strength threshold, CSThresh_, to determine whether one frame is detected by the receiver. If the signal strength of the frame is less than CSThresh_, this frame is discarded in PHY module and will not be visible to MAC layer. NS2 has another threshold, RxThresh_, for the signal strength of one frame received by the receiver. If one frame is received and received signal strength is stronger than RxThresh_, the frame is received correctly. Otherwise, the frame is tagged as corrupted and the Mac layer will discard it.
When multi-frames are received simultaneously by one mobile node, it calculates the ratio of the strongest frame's signal strength to the signal strength sum of other frames. NS-2 has one threshold, CPThresh_, for this ratio. If it is larger than CPThresh_, the frame will be received correctly and other frames are ignored. Otherwise, all frames are collided and discarded.
Interference power calculation
The underlying channel-PHY model should be able to distinguish whether the current signal is a interference signal, determine when an interference signal starts and ends, and calculate the interference power in real-time. In NS-2 the interference power is calculated as follows:
 The interference power reset to zero when the physical model is initialized.  When a new signal arrives, if the receiving node is in "receiving" state, it means that there are other signal arrived, so the current power should be added to the interference power; If the receiving node is in "listening" or "idle" state, when a signal arrives and does not satisfy the reception conditions, the signal power is less than the receiving power threshold, the current power should be added to the interference power.
 When the signal reaches the end for a while, if the receiving node is in the "receiving" state and the current received packet is precisely for this ending signal, the interference power is reset to zero. If the node is in the "receiving" state and the current receiving message is not the ending signal, the interference power should subtract the ending signal power; if the node is not in "receiving" state, the interference power should subtract the ending signal power.
Judging signal received without error
NS-2 mainly uses thresholds to determine whether one frame is received by the receiver. In addition, whether the frame can be correctly received depends on the SINR. The reception in NS-2 is based on the SINR threshold. It calculates the current SINR and comprises it to the threshold. If the SINR is greater than the threshold, the frame can be received correctly, otherwise error. Noise includes noise generated by the receiver and noise from environment. Interference means other frames received by the receiver simultaneously. Noise generated by the receiver includes thermal noise and platform noise. The SINR is calculated in (6) . Besides the threshold way in NS-2, the reception can also depend on BER (bit error ratio). In (7) the packet error probability e P is calculated according to BER , which comes from the SINR-P e table, and the number of the current frame numBits . According to the seed of the model, rand is generated randomly between 0 and 1. If e P rand  , the frame is received with error, otherwise without error.
Whether a frame is received correctly is judged throughout the time from the beginning to the end. At one time during this period, once the judgment means error, the frame is consider to be with error and will be discard immediately.
Simulations and results
Instead of evaluating the performance of a specific channel-PHY model, the objective of this paper is to propose the general structure and key technologies of channel-PHY modeling and simulation for TDL. So we present simple simulation running results to review and analyzed the TDL channel-PHY.
According to the key technologies mention above we simulate the typical scenarios of Link-16. The PDRs are compared between different propagation models and the FreeSpace model with different antenna gains, which are shown in fig. 4 and 5. As we can see that different underlying channel-PHY models or different parameters of the same model will affect the underlying channel-PHY simulation results of tactical data link significantly. And without a doubt it will also affect the whole tactical data link simulation. Underlying channel-PHY models are the basic factors to the network protocols and performances in network simulations. It is particularly important for the tactical data link which emphasizes the reliability and real-time characters of wireless communication. However the upper protocols are given too much attention and the underlying is ignored. This paper takes NS-2 as an example to analyze the general structure of the underlying channel-PHY models, and several key technologies are expound. The simulation results show that the underlying modeling and simulation is of importance for the tactical data link simulation. The underlying channel-PHY modeling and simulation has to be made based on deep understanding both system prototype and operation environments, and with appropriate details according to the specific purposes.
